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A Simplified Procedure for the Routine 
Calculation of Coefficients of Utilisation 
Based on the Jones-Neidhart Data 


By R. H. SIMONS, B.Sc., A.R.C.S. (Member) * 


Summary 


rhe preparation of tables of coefficients of 


a much more 
based on the 
that for 


ightness « 


in th's paper is 
the 
information for | 


about same a the Harrison 


alculations to be 


I 


Introduction 

The Jones-Neidhart(!, * 
coefficients of utilisation 1s the first 
able to that 

(Anderson since introduction 

ago The 

method are 


method of determining 

that 
ot 
nearly 


has been 
Harrison 
forty 
for 
is more accurate and 


rival successfully 
its 
main advantas claimed 
that it 


a greater degree of flexibility by 


years es 
this new 
that it provides 
enabling brightness calculations to be carried out 
However, in spite of these advantages, and the 
fact that in America it is the only 1.E.S. approved 
method(*), there is a reluctance to adopt it because 
of the 
Although this increase is not as great as eightfold, 
Balogh(*), it 
simplification and shortening of the calculations 


increase in labour involved in its use 


as stated by is sufficiently great for 
to be very necessary if the method is to gain general 
Zaphyr and Horton(*) have adapted 
that be 
on a digital computer, but unfortunately, not many 
The 
describe an 
to that of 


calculating 


acceptance 


the calculations so they can carried out 
manufacturers have one of 
of this 
alternative method 


Anderson 


these available 
to 
similar 
its of 
coefficients of utilisation, but is based on the Jones 
Neidhart data 
brightness calculations to be carried out if desired 


purpose present paper 1s 


which 


1s 


Harrison in mode 


It also provides sufficient data for 


In this method some of the accuracy of the Jones 
Neidhart method is lost, but it will be shown that 


this loss is small 
Method 
In the method described in this paper, the co 


efficients of fitting 
breaking down distribution 


utilisation of a found by 
light 


ponents for which the utilisation factors have been 


are 


its Into com 


* The author is v 
script of this p 
form on 
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e man 
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lengthy process than from the Harrison-Anderson data 
Jones-Neidhart data 
(Anderson 


Neidhart 
Phe 
lin apy 
le 


utilisation from the Jones 


method give 
but the work involve it 
method It 


carried out 


iving 


also pro ient 


sufh 


precalculated by the Jones-Neidhart method 


The sum of these utilisation factors in the correct 
proportions will then give the required coefficient 
of utilisation Correct proportions in this conno 
the 


necessary to combine the components t 


tation means proportions in which it is 


give the 
light distribution of the fitting 


rhe method of breaking down the light distri 
bution of the fitting is similar to that of Harrison 
Anderson, and is shown in Fig.1 
the 


portional to the area under the curves 


The graphs are 


pro 


It can be 


Kousseau diagrams, so luminous flux is 
seen that the flux is divided into three components 
(1 | 


(2) Lower Residual Component, (3) | 


as. follows niform Radial 


Component, 
pper 


are 


Residual 


Component These components analogous 


to the horizontal, direct, and indirect components 
been redesignated 


their 


of Harrison-Anderson, but have 


in the hope that the new names will make 


function clearet 


Uniform Radial Component 


In order to describe the lower and upper com 


ponents by simple mathematical equations, it 


to at 9O° to 


1s 
their the 
Ios Chis 
done by subtracting the uniform radial component 
the of the 
ponent have 
equal to that of the fitting, but 
ot 
Harrison 


convenient make intensity 


downward vertical equal to zero is 
This 
at 


itherwise its form 


from distribution fitting com 


must therefore its intensity 90 


arbitrary 
the 
intensity 


distribution 
roft 


candlepower is quite 
chose 


the 
verti 


and ¢ 
sin 6, 


at any angle @ to the downward 


Anderson sine 


distribution /y=/ where / 4 


90 
al 
hort 


the 


which constituted then 
has the 


proportion of its flux reaching the 


his distribution 


zontal component drawback that 
working plane 


(or more precisely the direct ratio) is so small that 
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components. 


diagrams showing 


it is impossible to use the Jones-Neidhart inter 
reflection graphs, since they do not extend far 
enough into the low values 

It was therefore decided to use the alternative 
distribution (suggested by Croft) of a point source 
of light, for which Jg=J,,. Since this sends the 
light equally in all directions it is called the uniform 
radial component 

Besides having a sufficiently high direct ratio to 
enable the interreflection graphs to be used, this 
distribution the advantage that it 
accounts for more flux (47 /,, as opposed to 
w* I,,) than the sine distribution. In most cases 
this would tend to make the method more accurate, 
the other two 
described approximately. 

The flux in the radial component divided by that 
of the bare lamp is called the uniform radial 
fraction, that ts: 


has added 


since components can only be 


Uniform Radial Fraction 
Flux in Uniform Radial Component 


Bare Lamp Flux 


factors for the uniform radial 
component found by the Jones-Neidhart 
method for a spacing/mounting height ratio of 
1.0, and are given in the work sheets in Appendix 
LD. They are the lower figures in each cell, e.g 


The utilisation 
were 


for suspended fittings Room Index A, they are 
0.209, 0.151, 0.109, ete 


column 


, omitting the right-hand 


Lower Residual Component 

The remaining downward flux after subtraction 
of the uniform radial the 
lower component, usually be 


component is called 


residual and can 
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analysis of 
The value of Cos @ from 90 to 180 deg. 
ave chosen to give the correct percentage of flux in the 


SIMONS 


Iyq) cos“@ 


| 

| 

base 
_/.PKRRSY, 

ope Rewow. Lrrte Resiova: Commontnt 

three 

and M 

ones respectively 


the light distribution from a fitting into 
is taken to be positive and the values of N 
0 to 40 deg. and 140 to 180 deg 


described by means of the equation, due to Croft, 
le I, cos” a 
can be 


The 


desired 


values of un chosen to give 
the 0°-40° zone 
30 per cent to nearly 100 per cent, 
values of n calculated by Croft 
this range in 5 per cent Chis 
percentage is known as the flux ratio and gives 
an arbitrary measure of the degree of concentration 
of the light 


The utilisation 


any 
percentage of flux in 
from about 


and have been 


to cover steps 


factors for the resulting curves 
were found by using the Jones-Neidhart method 
and are tabulated in and B for 


\ppendic es A 


suspended and ceiling mounted fittings 
respectively 

the 
flux ratio for the lower residual component has to 
table of 
This is most 


conveniently done by use of the following formula 


Thus when dealing with an actual fitting, 


be calculated in order to find which 


utilisation factors is 


applicable 


Flux ratio 
®, Flux from fitting in 0°-40° zone — 11.7 


Lower Residual Fraction 


where, Lower Residual Fraction 
Flux in Lower residual component 


sare Lamp Flux 


and, Flux from fitting in 0°-40° zone 


Flux from fitting ‘n 0°-40° zone 


Bare Lamp Flux 


rhe last term in the numerator of the flux ratio 
is the percentage of the uniform radial component 
which lies in the 0°-40 cos 40 
100 


zone, that is 0.5 (1 


Tran lllun / ng 





SIMPLIFIED 


Upper Residual Component 

lhe remaining upward flux after subtracting the 
initorm radial component constitutes the 
could be treated in a 
similar manner to the lower residual component 


upper 
esidual component and 
However, it was found that for suspended fittings, 
uppe! 
a flux ratio of 30 per cent differ 


the utilisation factors for an residual 


omponent with 


ittle from those for an upper residual component 


with a flux ratio of nearly 100 per cent, so that the 
verage value for these two extreme distributions 
was taken as providing the least amount of error. 
Jones and Neidhart give the utilisation factors 
of the 


mounted 


upper residual components for ceiling 
g 
were used 


In Appendix 


fittings, and these values 
without any further approximation 

1) they are the top figures in each cell, e.g. for 
suspended fittings Room Index A, they are 0.15, 
0.10, 0.05, 0.11, et omitting the right-hand 


column. 


Procedure for Finding Coefficients of 
Utilisation for Suspended Fittings 
Demonstrated with Example 
Data 
Per cent flux in 0°-40 
Light cutput ratio : 
Light output ratio up 
Light output ratio down : 
Total bare lamp flux 
Intensity at 90 


18.6 

80.3 per cent 
36.9 per cent 
43.4 per cent 
1,240 lumens 
51.5 candelas 


zone 


Working out 
The method can most conveniently be carried 
out on the Work Sheet 1 given in Appendix D, 
but for clarity the various steps are given in the 
body of the text below 
(1) Uniform Radial Fraction 
47 x Intensity at 90 
Bare Lamp ¢ utput 
12.57 x 51.5 
1,240 
0.522 
(2) Lower Residual Fraction 
L.O.R 
100 
(4 x 0.522) 


Dx F . 
we sUniform Radial Fraction 
434 
173 
(3) Upper Residual Fraction 
L.O.R Up 
100 
369 — (4 
108 


4 Uniform Radial Fraction 


0.522) 
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PROCEDURE FOR CALCULATION OF (¢ 


OEFFICIENTS OF UTILISATION 
4) Che 

Uniform Radial Lower 
L.OLR 


k on Working 


Residual 


LOO 


ae 173 108=.803 which is correct 


5) Flux Ratio of Lower Residual Component 


The lower residual omponent is classified 


according to the percentage of its flux in the 


0°-40 


Flux ratio 


zone, that is, its flux ratio 


Flux in 0°-40 URF) 


zone — (11.7 
Lower Kesidual Fraction 
(11.7 

173 


of the Lower Kesidual 


18.6 0.522) 


72% Fraction 


URF—Uniform Radial Fractior 

rhe utilisation factors for this flux ratio, which 
lable 9 in Appendix A, are then 
written under the appropriate utilisation factors 
for the radial component on the Work Sheet 1 for 


are viven 1n 


suspended fittings 


(6) Coefficients of utilisation 

The coefficients of utilisation are given by the 
sum of the products of the utilisation factors with 
their respective components. 

Thus for a room of index A, ceiling reflection 75 
per cent, wall reflection 50 per cent, the working 
is as shown in Table 1 below. 


Table 1 


Calculation of coefficient of utilisation from 
the sum of the products of the utilisation factors 
with their respective fractions 





Component Utilisation, Fraction | Product 


Factor 


Upper Residual 15 016 
.209 109 
612 106 


Uniform Radial 
Lower Residual 


231 











Therefore coefficient of utilisation to two signifi- 
cant figures is 0.23 

Each square on the work sheets is worked out 
in a similar fashion to Table 1 


Negative Upper Residual Fractions 

If half the radial fraction is greater than the 
fraction of upward flux the fitting, the 
upper residual fraction will be negative. In this 
case the procedure is the same as before, except 


from 
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hat the product of the upper residual fraction 
with the utilisation factor is subtracted from the 
other two products; that is, the coefficient of 
utilisation is the algebraic sum of the three 
products. 


Ceiling mounted fittings 

The procedure for finding the coefficient of 
utilisation for ceiling mounted fittings is the same 
as for suspended fittings, except that the tables in 
Appendix B, which are applicable to ceiling 
mounted fittings, are used. 


Brightness Data 

The brightness of the walls and ceiling is most 
conveniently found by determining what Jones 
and Neidhart call the ‘‘wall coefficients of utilisa- 
tion” and “ceiling coefficients of utilisation.’’ 
These could be found in a similar manner to those 
for the working plane, but it is felt that this 
would involve the production of tables of co- 
efficients of utilisation which would seldom be 
used. It was, therefore, decided that it would be 
sufficient to supply coefficients of utilisation for 
the ceiling with zero wall and floor reflectance. 
This gives the fraction of lamp flux reaching the 
ceiling directly, and enables Jones-Neidhart 
interreflection graphs(*) to be used 

The coefficients of utilisation for the ceiling are 
found using the same three components as pre 
viously, except that for suspended fittings the 
distribution of the upper residual component has 
to be classified. 

Upper residual components with a flux ratio less 
than 23 per cent often occur, and unfortunately 
the value of n in Croft's equation J/g=1, Cos" 6 
is negative in these cases. This makes the value 
of I,, infinite which can never occur in practice 
To overcome this, the difference between two 
curves with different values of n was taken to give 
the required flux ratios. The exact procedure 
which was adopted is given in Appendix F. 

The ceiling utilisation factors for the uniform 
radial and lower residual component are given on 
the second and third lines respectively in each cell 
of the right-hand column of the work sheets in 
Appendix D. The ceiling utilisation factors for 
upper residual components are given on the top 
line of each cell for ceiling mounted fittings, and 
in Appendix C for suspended fittings 


Procedure for Finding Ceiling Coefficients 
of Utilisation for Suspended Fittings 
(Floor and Wall Reflectance Zero) 


Extra data required (for suspended fittings only) 
Per cent flux in 140°-180 11.65 
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Working out 
(1) Flux ratio of Upper Residual Component 


Flux ratio= Flux in 140°-180° zone —11.7 x URF 


Upper Residual Fraction 


11.65— (11.7 x 0.522) 
Se 
67 per cent of Upper Residual Fraction 


The utilisation factors for an residual 
component having this flux percentage can be 
found in Appendix C. They are then written in 
the appropriate spaces above the ceiling utilisation 
factors for the uniform radial component on the 
right-hand column of the work sheet, and the 


are found in the 


upper 


ceiling coefficients of utilisation 
same way as those for the working plane 


Additional Information Available from 
Tables of Coefficients of Utilisation 


(1) The Jones-Neidhart divect and ceiling ratio 


From the table of coefficients of utilisation for 
the fitting : 
C of U (wall and ceiling reflectance nil) =0.134 
Ceiling C of U (wall and floor reflectance nil 
0.160 
Direct ratio=—(¢ ee 
reflectance nil)/Light output ratio down 


(wall and _ ceiling 


Therefore direct ratio for Room _ Index 
134/.434 
31 
Similarly ceiling ratio for Room Index A=C of | 
ceiling (wall and floor reflectance nil)/Light 
output ratio up 
160/.369 
43 
From these ratios, the brightness of the walls 
and ceiling can be found using the Jones-Neidhart 


interreflection graphs(*) 


(2) Iso-lux diagrams 

If an iso-lux diagram for the fitting is available, 
its value can be enhanced by adding the illu 
mination due to interreflected light to that already 
This can easily be found by 
utilisation for nil 


given on the diagram 
subtracting the coefficient of 
ceiling and wall reflectance from the coefficient for 
the ceiling and wall reflectance under consideration 

For example with the fitting already considered, 
supposing it is required to find the illumination 
due to interreflected light in a Room Index A, 
with ceiling reflectance 75 per cent and wall 
reflectance 50 per cent 
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SIMPLIFIED PROCEDURE FOR 
C of U 
50 per cent wall reflectance 


(As found in Table 1) 


for 75 per cent ceiling reflectance and 


0.23 


‘ of U for 0 per cent ceiling and wall reflectance 
0.13 
Difference = 0.10 
therefore the flux interreflected 
Difference of C’s of U x Bare Lamp Output 
0.10 « 1,240 
124 lumens per fitting 
If the area of the floor is A sq. ft., then 
illumination due to interreflection 


mean 


Flux inter-reflected 
\ 


124 
‘ lumens per sq. ft. per fitting 


ted 
flux is uniformly distributed, which is only approxi 


his procedure assumes that the interrefl 
mately true 


Tables of Coefficients of Utilisation 
\ suggested form of layout of tables of coeffi 
cients of utilisation is shown in Appendix E 
and is designed to show the results in a compre 
the 


of utilisation for rooms with zero wall and ceiling 


hensive form. Column L gives coefficients 
reflectance, and column M gives the coefficients of 
utilisation for the ceiling with zero wall and floor 


reflectance 


Accuracy of the Results Compared with 
the Jones-Neidhart Method 

This method has been compared with that of 
Jones-Neidhart on 
different distributions, and it was considered that 
the agreement with the Jones-Neidhart method 
were worked out 
Room Index A, 

Table 2, 


readings, 


eight fittings with widely 


was good. Sixteen coefficients 
for each fitting, eight for 
eight for Room Index J 
based on a total of 128 
distribution of errors 

The was obtained by subtracting the 
coefficients of utilisation as calculated by the 
method described in this paper from that calculated 


by the Jones-Neidhart method 


and 
which is 
shows the 


error 


Comparison of the work involved in 
applying the Jones-Neidhart Method, 
and the Proposed Method 

[he principal reason why the Jones-Neidhart 
method is so lengthy is that the inter-reflected 
flux has to be For 
coefficient of utilisation this has to be done twice 
for suspended fittings or once for ceiling mounted 


read from graphs each 
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CALCULATION Of 


COEFFICIENTS OF UTILISATION 


Table 2 


Distribution of errors when the proposed method 
is compared with that of Jones-Neidhart 





centage 
of total 0.0 O8 25.0 











the usual 


work 


fittings, which in 
table of 80 
tedious 


the preparation of 
coefficients makes the 
lengthy In the I.E.S 


tables are 


very 
and proposed 
modification (*) substituted for graphs 
which tends to make the work even more laborious 


since it 1s necessary to interpolate nearly every 
looked up. In 
tables, however, a simplification has been effected 
the the 


reflected component, thus sav ing a step 


time a utilisation factor is these 


by adding direct ratio onto downward 


The advantage of the method presented in this 
that the 
ponents have been calculated, and the 


paper is once values of the three com 
appropriate 
utilisation factors for the lower residual component 
written down, the remainder of the work can be 
undertaken by personnel who have no knowledge 
This has been substantiated by 
tables of. co 


ethcients to be produced for each new 


of photometry 


actual experience, and it enables 
type of 
fitting without increasing the work to be carried 


out by the photometric laboratory 


Limitations of the Method 
Che utilisation factors given in the tables in this 
paper are calcutated for fittings at a spacing-to- 
mounting height ration of 1.0. It 
necessary to calculate new tables if coefficients of 


would be 


utilisation were required at other spacings 
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Appendix C 
Ceiling Utilisation Factors for Upper Residual Components Suspended Fittings 
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Appendix F 


Calculation of the Zonal Flux for Upper Residual 
Components with Low Flux Percentages 


Let J,.9=Intensity of upper residual component 
at 180 
I g= Intensity of upper residual component 

at any angle @ between 90° and 180 


to the downward vertical 


to the downward vertical. 


4 1959 


CALCULATION OF 


COEFFICIENTS OF UTILISATION 


Consider the equation 


lg # cos" @ (] 


where values of cos @ are 
When x=0, the 


per cent and to obtain 


taken to be positive 


92 


flux ratio is approximately 23 
this 
which makes the intensity 
infinite However, low 
obtained by taking the 

curves the 


ilues of 


smaller values than 


n has to be negative, 


at 90 


flux ratios can be 


difterence between two 


which are of form of equation (1) 


but have different 


P —desired flux ratio 


ind M=flux ratio of the curves to be 


than M 


two 
combined, where I 
lLL_—rM 


I 


. 1S greate! 


then P where r is to be found 
e 


therefore, 


stribution 


hus to find the flux in any zone of the new curve, 
4 times the zonal flux of curve L is subtracted from 
5 times the zonal flux of M. The new curve will then 
have 7.5 per cent of its flux in the 140°-180° zone 

This procedure can be repeated to find curves 


with flux ratios from 12.5 to 22.5. Unfortunately, 
the method fails for a flux percentage of 2.5, since 
the the 


negative 


zonal lumens in first few zones become 





1.E.S. Gold Medal 


At the opening meeting of the 1959-60 session 
of the Society held in London on October 13, Mr 
C. C. Smith, the retiring President, made the first 
award of the I.E.S. Gold Medal when he presented 
it to Dr. J. W. T. Walsh. 

Mr. Smith recalled that the medal had been 
instituted to mark the occasion of the Society’s 
Golden Jubilee ; he also recalled the regulations 
governing the award, viz., that it should be 
bestowed for outstanding contributions to the 
advancement of lighting, the medal to be awarded 
at intervals of not less than two years, and that 
recipients may be of any nationality and may or 
may not be members of the Society. Mr. Smith 
pointed out that under such terms the Council 
had the widest possible choice in selecting those 
whose contributions to the advancement of 
lighting it wished to acknowledge in this way 
Dr. Walsh was an Honorary Member and had 
twice been President of the Society; the award 
of the Gold Medal, however, was in recognition of 
Dr. Walsh's many contributions to lighting over 
a long period 

The President then presented the medal to Dr 
Walsh, who said : Mr. Fresident, ladies and gentle- 
men, from the moment | had the first intimation 
of this presentation at the recent Council Meeting 
to which you, Mr. President, have referred, | have 
been trying hard to think of some words that 
would adequately express my appreciation of this 
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os 


great honour which the Society has done me 
I now realise I cannot convey to you my feelings 
in the matter 

I have been a member of the Society a good 
many years and I owe it a tremendous debt of 
gratitude, not only for the honours which it has 
conferred upon me in its kindness, but also for a 
number of other things, for all that I have learnt 
from my fellow members and for the great and 
valued friendships which | have formed within 
the Society’s ranks. I may say, sir, that when I 
retired some years ago | made up my mind that 
nothing would induce me to cut myself off from 
the Society to which I owed so much and it has been 
a very great joy to me to witness its steady growth 
and the increase of its influence with the passing 
of the years. 

I should like to take this opportunity of con 
gratulating the Society on the announcement 
which has just been made (the election of H.R.H 
The Duke of Edinburgh as an Honorary Fellow) 
I think this is a wonderful and, I believe, a well 
deserved recognition of the work which the Society 
has done during the half century of its existence 
I think we may all feel more than delighted at this 
recognition which has come to us from the Royal 
House 

In conclusion, let me say again ‘‘thank you all 
very much indeed”’ for this great and, I feel, quite 
undeserved honour that you have conferred on me 
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UDC 612.843.367 


Practical Application of Direct Discomfort 
Glare 


Research 


in the New Australian 


Artificial Lighting Code 


By J. C. LOWSON, B.E., A.M.LE.E., F.LE.S. (Aust) (Fellow). * 


Summary 


Pract 


f quantitative data on discomfort glare in most current lighting 
Much valuable fundamental information about glare is available, but before 


can be tr 


al lighting design has hitherto been seriously handicapped by the 


insferred from the laboratory notebook to the 


| meagre amount 
codes and handbooks 
this knowledge 


lighting design handbook it must 


be converted into a form simple enough for the practising lighting engineer to use at the 


drawingboard stage of design, and it is with the solution of this and related problems that 


the present paper is primarily concerned. 


luminaires, 


It is shown that by 
the accuracy required when specifying permissible luminance 


taking a realistic view of 


limits for general lighting 


it is possible to devise a tabular method of specifying such limits which is 


exceedingly quick and simple to apply, yet subtle enough to take reasonable account of the 


known facts about glare 


his new table of recommended luminance limits (for diffusing 


luminaires and bare fluorescent lamps used for evenly distributed general lighting in work 


places) has been incorporated in the new artificial lighting code 


A.S. No. CA.30) recently 


published by the Standards Association of Australia 


(1) Introduction 


As is well known, the brightness of interior 
lighting units must be suitably controlled if direct 
glare is to be kept within bounds ; but the formu- 
lation of practical rules to help the lighting designer 
choose an appropriate luminance limit is by no 
means easy. 

There is, in fact, a two-fold problem. On one 
hand, the rules must take into account a number 
of fairly complicated contributory factors, such as 
the number and the apparent size of the potential 
glare sources, their position in the field of view 
and the general background luminance to which 
the eye is adapted. But on the other hand these 
same rules must not be too complicated. Prac- 
tising lighting designers do not usually have the 
time for lengthy computations or 
graphical construction ; 


elaborate 
unless a design method is 
simple and straightforward enough for everyday 
use its practical value is very limited. 

The research on 
that the 
during the last ten years or so has provided a 
amount of fundamental information 
oncerning the nature of glare and a variety of 


intensive quantitative glare 


has been throughout world 


going on 


considerable 





* The author is with the Commonwealth Department of Labour 
ind National Service, Melbourne [he manuscript of this paper, 
which is based on a lecture presented during the 31st Meeting of the 
Australian and New Zealand Association for the Advancement of 
Science in Melbourne, August, 1955, was first received on December 
4), 1957, and in final form on June 11, 1959 
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“glare formulae "’ have been proposed—such as 
the one suggested by Hopkinson at the 1955 
C.L.E. meeting(') But the problem of converting 
such formulae into practical design rules has been 
much less fully explored and so far only one really 
promising been described, namely 
the tabular method developed by Ward Harrison 
and Phelps Meaker(?) 


scheme has 


However, even this system is not simple enough 
to use in a code and, when searching for a method 
of applying modern knowledge of glare in the new 
revised artificial lighting Code published by the 
Standards Association of Australia(*), considerable 
work had to be done before a satisfactory method 
of presentation could be developed. 

The object of the present paper is to explain 
this new method, and to show that in spite of its 
comparative simplicity it is subtle enough to take 
reasonable account of the known facts about glare 
control 

It should be noted that since this work was a 
contribution to the preparation of an S.A.A. code 
the scheme has naturally been reviewed by many 
people through the Commonwealth of Australia 
It is impossible for the author to mention all those 
who have made helpful comments and suggestions 
since the basic idea was first proposed. However, 
particular reference should at least be made to 
the members of the original S.A.A. Code Drafting 
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DETERMINATION OF h. ROOM DIMENSION “Pp” 
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METHOD OF USE. The appropriate luminance limit is found at the intersection of the nearest 
*“*P”’ column and ‘‘T’’ row on the table, ‘‘P’’ and ‘‘T’’ being the dimensions of the room expressed as 
multiples of ‘*h’’ the mounting height of the luminaires above eye level. 

For installations of elongated units mounted horizontally (e.g. ordinary fluorescent lamp equipment)— 
““P’’ will be the room dimension parallel to the lamp axes (regardless of whether this is the 
longer or shorter dimension of the room). 

**T”’ will be the transverse dimension (see sketches below). 

For all other installations— 

“*P’’ will be the shorter and ‘‘T’’ the longer dimension of the room. 
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AUXILIARY TABLE OF LUMINANCE LIMITS. For use in the special case where all occupants of the 
room consistently work facing in a direction parallel to the axes of tubular fluorescent lamp units 
(i.e. facing in the direction indicated by the arrows on the sketches left), and thus view the 
luminaires end-on rather than broadside-on when they raise their eyes from their work. 


Oh Bh 7h 6H Sh 4h 3H 


ROOM DIMENSION T 
































Fig./. Recommended permissible luminance limits for diffusing units and bare fluorescent lamps used 
for evenly distributed general lighting in work places. (Luminance values ave expressed in cd/in* and 
are measured as described in Section 4.) 


170 Trans. Ilium. Eng. Soc. (London) 





DIRECT DISCOMFORT GLARE AND 


Panel in Sydney Brown 
man), Mr. W. I 
Johnson, and M1 
the 


namely, Mr. F (Chair- 
Stewart ae. 2. ae 
S. Holman, who helped to steer 


(Secretary 


project through its early formative 


stages ; 
Dr. A 
with the 


and above all to the author's colleague, 
assoc iated 


Dresler, who has been closely 
project throughout 


(2) The S.A.A. Code Glare Tables 
rhe tables of 
explained in Fig. 1 limits 


and their method 
The tabulated in 
and refer te the luminance of 


new use are 
are 
andelas per sq. in 
luminaires measured 
at 70 deg. to the 
ward vertical and broadside on to the unit 
of other 


mounted horizontally 


lighting 
specific direction, namely 


general in one 


down 
in the 
case fluorescent o1 elongated units 
the 


obtained by dividing the luminous intensity in the 


rhe significant luminance is iverage figure 
single specified direction by the projected area of 
the luminous parts of the unit The procedure, 
which is of course the responsibility of the lighting 
rather the 
detail in Section 4. 
very slightly simplified 
the S.A.A. Artificial 


Some examples illustrating their 


equipment manufacturer than code 
user, will be discussed in more 

lhe tables in Fig. 1 are a 
of 


Lighting Code 


version those used in 


use are given in Appendix | 


2.1) 
The tables are based on a range 
limits ; namely 3, lI, 


Luminance limits employed 

lumi- 
6 and 8 
This subdivision of the range into a series 


of eight 
is, Z 3, 4, 


nance 
cd/in® 


of finite, fairly wide steps roughly evenly spaced 


on a logarithmic scale is a very important feature 
of the method. This makes it 
legitimate to ignore factors which do not affect 
15-20 per cent and, as 


new approa h 
the issue by more than 
will be shown later, this makes possible a number 
of approximations 
have greatly simplified the final tables 
Another major practical advantage is that this 
of the range _ into 
“luminance groups ”’ 
them 


useful short-cuts and which 


division wide steps—or 


to call 
makes it easy for the lighting equipment 


as it 1s convenient 
manufacturer to supply relevant data on his pro 
Fig. 2 
groups and indicates a few of the typical luminaires 
belonging to them. 

It is to range of 
luminance limits with that used in the previous 
edition of the lighting code(*), the 
relevant provisions of which are shown in Fig. 3 
This range was made obsolete by the advent of the 
fluorescent lamp ; for one thing it did not go high 
enough to take in bare tube units. This point is 


ducts sets out this system of luminance 


interesting compare this 


Australian 
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that 
may 


illustrated Fig. 4 where it wil! be 


the new set of limits brackets the old It 


in seen 
be 
mentioned in passing that although the old range 
did not the choice of the 


one there is remarkably 


nfluence In any way new 


close agreement between 


them for average size rooms 


2.2) Scope of tables 
The tables 
type luminaires in which glare is controlled solely 


ire not intended to apply to open 


louvres These 
of a 
angle table of more or less conventional type 
both 
louvred 


shades and 


the Code 


with opaque art 


catered for in by means shielding 


However, units employing shielding and 


diffusion to control glare (e.g luminaires 


with diffusing sides) are expected to comply with 


the luminance limit table as well as the shielding 


angie table Chis point w be dealt with in more 


detail in Section 4 


The tables also apply to units in which bare 


fluorescent lamps are exposed to view at and above 


70 deg. to the downward vertical 


It should be particularly noted that the tables 
in Fig. 1 only apply to general lighting luminaires 


used in workplaces They d 
there 


performed 


o not apply to interiors 
critical be 


short 


where are no visual tasks to 


1 j 
per pie spend 


only | 


and where 
periods 

The question of whether exposure to glare is 
ol 


considerable 


short or long, i.e. a matter 
at a of 
importance since discomfort glare is cumulative 
in its effect. In this it 


comfort phenomena—a hard bench, for 


minutes or some 


hours time, is practical 


resembles other dis 
instance, 
is comfortable enough to’sit upon for a few minutes 
but not for long periods. Similarly, lamps ot 
luminaires which do not appear at a casual glance 
to 


actually 


luminance 
to 
them 


have an uncomfortably high can 


the 
in 
their 


cause serious inconvenience 


occupants of an office, say, who have 


their field of 
eyes from their work 


view every time they raise 
Here it may be noted in passing that the cumu 
lative discomfort produced very slightly 
lighting installation makes it far 
important to take precautions against discomfort 
glare than against disability glare, which is not 
cumulative in its effect. Experience 
that in normal well-designed general lighting 


installations for working interiors, if discomfort 


by a 


glaring more 


suggests 


glare can be adequately controlled, disability glare 
will take care of itself 


(3) Basis of the Tables 
\s is well known, the principal physical factors 
governing the degree of discomfort produced by 
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TYPICAL FLUORESCENT EQUIPMENT. in every 
case it is assumed that lamps are the normal high- 
efficiency variety; and any diffusing material used is 
presumed to be of good quality 
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+ 
LUMINANCE (cd/sq, in.) 





Not over 6 but over 6 











« ‘oold-cathode'bare lamp wits’ 
- "hot-cathode’ ”* - bs 








2% 08 4 ft. totally enclosed diffusing wits 


|? X08, or 5 X4OW & ft.umits with longitutinal 
| louvres made of diffusing material. 








Out-off wits with opaque sides or louvres. 
Luminous osilings; and louvred ceilings made of 
opaque or highly diffusing material. 








Fig.2 (above). 








Not over 4 cd/sq. in. 














* The luminance figures quoted refer 
to an average value measured at 20 
below the horizontal, and normal to 
the lamp axis in the case of fluorescent 
units, 


System of broad luminance groups 


hased on the set of eight fixed luminance limits, together 


with a few representative 
belonging in various groups 


examples 


Fig.3 (right). Luminance limits 


recommended 


of luminaires 


in the 


1942 S.A.A. artificial lighting code for general diffusing 
luminaires used in offices and locations where con- 


tinuous close <eeing work is performed 


Fig.4 (below). Comparison between 


the luminance 


limit systems of the 1942 and 1957 editions of the 


S.A.A. artificial lighting code 


1942 CODE 


THREE LIMITS 
BASED ON— 
MOUNTING 
HEIGHT OF 
LUMINAIRES 
ABOVE FLOOR 


TYPICAL INCANDESCENT EQUIPMENT. All units 
are of the totally enclosed, general! diffusing type made 
of good quality opal glass. The shape, overall diameter, 
and lamp wattage is indicated in each case 
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Above Floor 





Below 9 ft. 1.1 





9 fc.-14 ft 1.8 








Above 1/4 ft. 2.7 
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1957 CODE 


EIGHT LIMITS 
BASED ON— 





@ MOUNTING 
HEIGHT 











LUMINANCE 











$4 kolb\ 


@ ROOM SIZE 
@ ORIENTATION 
OF UNITS 
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Z Bi LUMINANCE OF 
IMMEDIATE BACKGROUND 
TO THE SOURCE 
| LUMINANCE OF Fig.5. Principal factors im 
GLARE fluencing the degree of discom 
B, fort produced by a glaring 


luminaire in the field of vieu 


GENERAL / SOLID ANGLE SUBTENDED BY 
| BACKGROUND Gy GLARE SOURCE 
| LUMINANCE / 


b 


( LINE OF SIGHT Lt 
DISPLACEMENT 


FROM LINE OF SIGHT IMAGE OF 
GLARE SOURCE 


In this very simplified diagram of the eye, the lens is shown forming an image 

on the fovea of the object upon which the gaze is fixed, and at the same time 

forming an image of the glaring luminaire at another point on the retina. 

Discomfort produced by the glaring luminaire will be greatest 

(a) when its image on the retina approaches close to the fovea (i.e. when @ the 
angular displacement of the glare source from the line of sight is small); 

(b) when the image is large (i.e. when the solid angle w subtended by the 
luminaire at the eye is large, or when there are numerous luminaires in the 
field of view); 

(c) when the flux per unit area over the image is large compared with the flux 
per unit area over the rest of the retina (i.e. when B, is large compared with 
B,). 


LOUVRE 
—_—_,! 


COST Fenierone 
NY ANGLE 


Fig.6. Glave control by shielding as? 
Shades and louvres conceal the lamp so 
whenever displacement angle @ is less ou® 


‘ of 
30 t / 
than shielding angle S f “f oF “f 


a glaring luminaire are B,, the luminance of the — hand, if @ is less than about 20 deg., even a com 
glare source ; w, the solid angle subtended at the paratively low brightness source, such as a bare 
eye ; 6, the angular displacement from the line of fluorescent tube, can cause considerable glare if 


sight; B,, the general background luminance ; persons are exposed to it over a period of time 
and B, the luminance of the immediate su In practice, therefore, direct glare may be kept 
roundings of the glare source. The part that these within bounds either by using shades and louvres 


various factors play is illustrated diagrammatically to hide the lamp completely whenever the 
in Fig. 5 


luminaire containing it approac hes too close to 
Of the abovementioned factors, angular dis- the line of sight (see Fig. 6) or else by using 

placement @ has perhaps the greatest general translucent diffusing material to limit B, when 

importance. If @ is more than about 45 deg angle @ is small (in other words, to limit the sick 

glare will not normally be serious (unless the glare _ brightness of the luminaires) 

source is a powerful high brightness lamp hanging Of these two basic methods the first is the 

fairly low down near eye-level). On the other simpler to legislate for in a code. Once cut-off 
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has taken place, the luminance of the still visible 
portions of the unit is generally too low to cause 
serious glare, even when the interior is large and 
the field of view takes in many units 

Consequently, it is possible to draw up a fairly 
simple set of empirical shielding angles which 
take into account the degree of glare control 
required and the type of lamp used. In Australian 
practice three standard shielding 
recognised fcr general lighting luminaires, 
20 deg., 30 deg. and 45 deg. and recommendations 
regarding the choice of angle will be found in the 
current $.A.A. Artificial Lighting Code(*) 

In the case of non cut-off luminaires, however, 
the problem is much less simple for here the 


angles are 


viz., 


precise value of B, that will give adequate glare 
control in a given installation depends on the 
value of the other factors and it necessary to 
combine then into of the form 
a 


B,” 


is 
‘glare formula ”’ 
G w” . £(@) . £(B,) 

where G is a numerical quantity related to the 
discomfort produced and quantities B,,w and B, 
are weighted with numerical exponents m, n and 
p to for their relative importance. Con 
siderable into determination 
of the exponents and functions in this equation 
The classic investigation by Holladay published 
in 1926(°) was one of the first attempts to fill in the 
unknowns and during the last 30 years, particu- 
larly the last ten or so, much of the published 
research on glare in America, Britain and Europe 
has been directed at the determination of suitable 
values for the unknowns in this expression 


allow 


research has gone 


this work has been extensively re 


ported(', * 
However, 


since 
, It need not be reviewed in detail here 
it that 
Holladay’s investigation indicated that ex 


may be worth mentioning 

the 
ponent on B, was probably about four times that 
the time 
(particularly amongst American lighting engineers 
that uld 


afford to ignore the area of the glare source entirely 


on w, and this Jed to a popular belief at 


as a one cé 


practical design expedient 


and rely on luminance ratios alone as a mean 
ensuring comfort 

Ihe idea that 
importance was 
fallacy—the 


determined 


glare source area 1s of neg! 


to 


relationships 


shown 
the 
laboratory 


subsequently 
that 
in 


point being 
Holladay 


with small glare sources (w 


his rk 


OO1 steradian o1 


by we 
less) 
do not apply in practical installations where the 
aggregate value of w usually lies in a range of about 
0.008 to 0.30 steradian(’? (See Fig. 7 
However, the point 
the measurements of Luckiesh 
Guth published in 1949(*), Ward Harrison 
doubts abcut the 
and 1945 he 


formula in 


long before was finally 
and 
had 

ot 
introduced 


} 
tne 


resolved by 


been expressing wisdom 


source area 
Factor 


exponent on B, was twice that on w/(* 


ignoring in 


his first ‘‘ Glare which 


This variant of Holladay’s original formula was 
largely empirical and was based, as Ward Harrison 
on 


has put it, ‘incomplete laboratory data 


supplemented by considerable experience if 
It be 
passing that although this method of approach was 
at 


this same 


qualified engineers ’'(!°) may noted in 


events 
mixture of 
the 1945 


received 
that 


guesses 


coldly the time, subsequent 


have shown ‘ strange 


theory and (as one critic of 
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Fig.7. Variations in Bs required to 
keep glare constant when w changes 
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DIRECT DISCOMFORT GLARE AND 
paper put it) actually represented a major step 
forward in the struggle to find a way of setting 


realistic luminance limits 


3.1) The Harrison-Meaker formula 

In 1947 Ward Harrison in collaboration 
Phelps Meaker published a slightly amended 
version of the 1945 formula in which exponents 


with 


on B,, w and B, were 2, 1 and 0.6 respectively. 
rhese agree remarkably closely with the exponents 
which research laboratory work has since shown 
to be suitable for use as a working approximation 
and which are embodied in the formula proposed 
by Hopkinson('!+) the 1955 
C.L.E 


and put forward at 


meeting, where 


Che only 
of 0.6 
employed by 


important difference is the exponent 
attached to B, This 
Ward Harrison to 
observation that, if the 
installation is increased by 


low exponent was 
allow for his 
illumination level in an 
introducing more and 
more luminaires of the same fixed luminance, the 
Chis point 


\ppendix 2 


discomfort glare will also increase 


where 
cent 


is explained in more detail in 
it is shown that, considering the 20 per 
limits of accuracy in which we are interested, a 
illumination 
Consequently, for the purposes of the 
the H.-M. corre« factor for 

was dropped, which the 


Harrison 


orrection for level seems hardly 


necessary 
{ ode, 


\ustralian tion 


illumination 
etiect of 


VMeaker 


level had 


converting this part of the 


formula into the currently accepted 


B. Ww 
iorm 


However is explained in the next section, 


lication of even the simplest formula presents 


serious practical difficulties and the main attraction 
{ the Harrison-Meaker proposal was their system 
‘ glare tables ’’ which enable data 


f this kind to be 
notebook to the 


prec ilculated 


transferred from the laboratory 


} 1 


al Ges | 


practi gn handbook 


3.2 


However simple and accura 


Importance of tabular presentation 
they may be, glare 


mulae in their raw tate are not of very much 


the busy practising lighting engineer who 


has neither the time nor the equipment needed to 


estimate individual formula factors in advance 


would be 
sketch for 
proposed installation and then laboriously plani 


lo estimate w, for instance, it necessary 


to draw an elaborate pers per tive each 


meter the outlines of the luminaires. Something 


far quicker and simpler is needed before the basic 


information in a glare formula can be applied in 
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practice. In other words, the data must be pre- 
digested and presented in the form of tables, 
preferably no more complicated than the familiar 
“ Coefficient of Utilisation 
\s already mentioned, the first successful attack 
on this important problem was made by Ward 
Harrison and Phelps Meaker who presented a 
system of glare factor tables in their 1947 paper(?) 
Here the formula is used to calculate the glare 
factor from the “* ’ (i.e. from the 
viewpoint of an observer placed where he will have 


tables 


worst view-point 


the maximum aggregate area of glare source in his 
field of view when looking horizontally across the 


room The numerical glare factors produced by 


installations of a given type of luminaire are 


calculated for a series of rooms of varymg shape 


and size ranging from small rooms with only a few 
luminaires within the field of view, to large rooms 


with many such luminaires. Glare factors asso 


ciated with the chosen type of luminaire are then 
tabulated dimensions of 
the mounting height of the 
installation of this type of 


against the room and 


units so that at any 


future time when an 


luminaire is contemplated, one need only know 
the dimensions of the room and mounting height 
of the 


Harrison-Meaket1 


units in order to read 
factor ol 

table It 

that tables of this kind can be greatly compressed 


off the approximate 


glare the installation 


from the appropriate should be noted 


by expressing room dimensions in terms of me a 
Chis 


Harrison- 


ibove eve-level idea 


1947 


the mounting height 


was introduced in the original 
Meaker paper but not used again 
Ihe fact that the degree 


room proportions than upon its actual 


of glare depends more 
upon the 
diagrammatically in 


dimensions is ilustrated 


hig. 8 yss-Ssections of two 


dotted 


This shows cr rooms 


inother, the out 
the 


mounting height 


superimposed upon one 


line indicating a small room and full outline 


which both the 


the re 


a larger 


room 1n 


level h length (and 


the 
if the room expressed 


Om 
about 


above ey and 


width) have 


been increased in same 
proportion so that the length « 
‘h remains approximately the 
to be of the 
so that them 


larger room 


in multiples of 


ime [he luminaires are assumed 


same size and luminance in each case, 
number has had to be increased in the 


in order to illumination level 
It will 


view, 


produce the same 


be noted that, from the observer's point ot 


the luminaires are still all contained within 
the same solid angle and though there are more 
room this is counter-balanced 
the ob 


angle 


units in the larger 
by the fact that they are further 
Hence the total 
tended by the glare sources at the observer's eye 
other 


from 


server's eye solid sub 


is approximately unaltered and (since 
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| 


Eye Level 


= 





/ceteeietehehehaieis ieteieieneaieteetes ‘eed 
a 


can be velated to room 
multiples of ‘“‘h,’’ the 
If this proportion 


Fig.8. Luminance limits 
dimensions expressed as 
mounting height above eye level 


does not change, the mean values of w, 0 and By, will 
remain approximately constant too 


factors are much the same in both cases) the degree 
of discomfort glare will remain approximately 
unaltered too 

(3.3) Validity of the Harrison-Meaker tabular 
method 

In spite of the many approximations and simpli- 
fications inherent in this approach, it does in fact 
seem to work quite well in practice, as was shown 
by a field test carried out by the IJuminating 
Engineering Society of Australia (N.S.W.) in 
Sydney some time ago when the Harrison-Meaker 
method was first being considered as a basis for the 
glare recommendations in the $.A.A. Code. 

One rather important point which was insuffi- 
ciently stressed in the published account of these 
tests('*) is that when working out the glare factors 

200 


130 


RAPPISON-MEAKER GLARE FACTOR 


20 
COMFORTABLE Just 
Comrontagit 


AVERAGED CROUP OPINION 


SUGHTLY 
UNCOMFORTABLE 


of the various test installations, no attempt was 


made t 
luminaires 


analyse the glare produced by individual 
Instead, 
easily 


calculations were based 


solely on the ascertainable quantities of 
room length and width, luminaire mounting height 
the luminance of the typical luminaire measured 
standard and the illu 

From this data, Harrison-Meake1 


glare factors were calculated by 


from a single direction, 
mination level 
graphical inte 
polation on one or two of the original Harrison 
Meaker tables (actually those relating to 
diffusing luminaires and to bare fluorescent lamps 
suitab] 


being made for the difference between the 


spherical 


used crosswise and endwise) vlowance 


lumi 
referred to in the 


and those 


tables 


nances measured 


Harrison-Meaket Results are summarised 
in Fig. 9 

Considering the short-cut approximations and 
simplifications on which the tabular method is 
achieved in this test 


they 


based, the excellent results 


were exceedingly encouraging, for suggested 
that 
methods simple enough for the lighting designe: 


work 
Here it may perhaps be mentioned in passing 


worthwhile results could be achieved by 


to use in his everyday 


that an almost equally important aspect of the 
tests was the moral effect they produced on the 
observers. Even though the giare factors had not 
yet been calculated, mere participation in the series 
firmly convinced these lighting engineeers of the 
practical importance of the factors taken into a¢ 
the tables. In 
practical suggestions on how to make observations 
of this kind are given in Appendix 3 


count by view of this, 


some 


Fig.9. The Sydney glare ap 
praisal tests. Note that eaci 
point on the chart represents the 
averaged independent opinion 
of the members of one group of 
four or five Where 
two such groups appraised the 
same test installation the rele 
vant paiy of points have bee 
linked by a dotted line 


‘ bseri ers 


40 
OEFINITELY 
UNCOMFORTARIF 
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DIRECT DISCOMFORT GLARE AND 
3.4) Drawbacks of the Harrison-Meaker tables 

Useful as they are, the Harrison-Meaker tables 
do not supply the complete answer to the problem 
of presenting data in a conveniently usable form, 
especially when it comes to laying down rules and 
a code. 


recommendations in For one thing, they 


only apply to a single type of luminaire of given 
they detailed 


ibout the degree ot glare produced 


luminance ind although give 
information 
in various shapes and sizes of rooms it seems 
reasonable to suppose that the ordinary lighting 


engineer 1s more interested in making sure that a 


proposed installation is not unduly glaring than in 
finding out what the particular glare factor will 
be, and would willingly sacrifice the latter refine- 
ment for the sake of a more universally applicable 
table giving the maximum permissible luminance 


that can be used in the given circumstances 


3.5) Derivation of the S.A.A. Code tables 

In preparing the S.A.A. Code tables the above 
mentioned drawbacks were overcome by 
the Harrison-Meaker tables inside out 
of tabulating 


' turning 
Instead 
varying factors for a fixed 
the 


luminance 


glare 


luminaire luminance new tables indicate the 


maximum luminaire which can be 
permitted if the glare factor is not to exceed a 
certain figure taken as a boundary line between 
comfort and discomfort. 

The data summarised in Fig. 9, studied in the 
light of a critical survey of the Luckiesh-Guth 
BCD proposals, by J. S. Johnson, eventually led 
to the choice of 40 as the limiting glare factor to be 
used in practical design 

The tables shown in Fig. 1 are based on the 
Harrison-Meaker tables for 
globes for bare fluorescent 
view), i.e. on Tables 1 and 2 of their 1947 paper 

These are converted from tables of varying glare 
factors for a fixed luminaire luminance into tables 


diffusing 
(endwise 


general 


and tubes 


of varying luminance for a fixed glare factor of 
40 by means of the following formula : 

B, x 40 

0.7 


Permissible Luminance 
*t 
where 
the fixed luminaire luminance assumed 
when plotting the original Harrison-Meaker 
table 
G, the tabulated glare factor 
Che factor G, is multiplied by 0.7 to convert 
it into a value suitable for a 15 lm/ft? illumination 
level, for when the S.A.A. tables were first planned 
it was intended to make them apply to installations 


in the 10 to 25 Im/ft? range, and to recommend 


B, is 


one step reduction in luminance above this range 


with one step increase in luminance below it 
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However, for reasons given in Appendix 2, the 


allowance for illumination level was subsequently 
found to be an unnecessary complication and was 
consequently dropped 


Since the H.-M. formula states that G is propor 


B 1“ wW 
tional to it 


may at first sight seem strange 


that glare factor should be 


rather 


the proportional to B 
than B.? 


a moment’s consideration will show 


How 
that this 
IS quite correct, the essential point being that since 
the Harrison-Meaker calculated for a 
specified constant 


in the conversion formula 


ever, 


tables are 


illumination level (i. for a 


value of B,), any increase in B, must be counter 


balanced by a proportional reduction in the value 
ol w 
(3.5.1) Justifiable simplification 

\ major simplification was made possible by the 
that 
maximum glare is likely to be experienced when 


discovery even in long narrow rooms 


fluorescent luminaires 
whether the 
the 


complicated 


observers view rows of 


broadside on, no matter luminaires 


are orientated along or across Phis 


room 
instructions 
to be 


enabled some _ rathet 
the 


minated and replaced by the present comparatively 


based on observer's line of sight eli 


simple instructions given in Fig. 1 
to differentiate 
between fluorescent and incandescent installations 


It was also found unnecessary 
in spite of the fact that projected area of the 
elongated source varies depending on the azimuthal! 
angle of view, whereas the projected area of the 
incandescent unit does not. Glare diminishes 
rapidly when sources are displaced more than 
about 45 deg the 


time a unit is displaced far enough to the side for 


from the line of sight; and by 
the projected area to be appreciably reduced by 
foreshortening, its individual contribution to the 
This meant that 
an originally proposed additional table covering 
This 
simplification made 


total glare will be very small 


incandescent luminaires could be dropped 


was yet another important 
possible by taking a realistic view of the accuracy) 
required 
(3.5.2) An important special case 
Special allowance had, however, to be made in 
the case of installations where all the occupants of 
the room work facing parallel to the axes of fluores 
cent luminaires and thus always see them more or 
less end-on when they raise their eyes from their 
work 

Under these circumstances the potential glare 
is greatly reduced not only by the reduction in 
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projected area, but also by the reduction in 
luminance. 

The extent of this can be gauged by applying the 
hd to the case of a bare fluores- 

4 
cent lamp viewed first broadside on, and then at 
an angle of 20 deg. to the long axis, other factors 
remaining the same. In the second case, the 
projected area will drop to 35 per cent, and the 
luminance to about 60 per cent of the values 
obtained when the lamp is viewed broadside on. 

Thus, if B,, w and B, are all unity (so that their 
combined effect is unity also) ; viewing the lamp at 
20 deg. to the axis and keeping all other variables 
constant will cause the comparable glare factor to 

(0.6) * x .35, 


drop to — 
i i 


that obtained when the lamp is viewed broadside 
Design limits based on the latter view are 
consequently unreasonably stringent when applied 
to interiors where one can be sure that all occupants 
will work facing in a direction parallel to the axes 
of the lamps and will thus seldom or never see 
them broadside on. The auxiliary Table in 
Fig. 1 is therefore needed to cater for this special 
case. 


formula G oc 


i.e. to about one-eighth of 


on. 


(3.5.3) General applicability of the tables 

One point which must be briefly examined is 
the validity of applying tables based on diffusing 
units with uncontrolled distribution, to all 
luminaires incorporating diffusing materials, as 
explained in Section 2.2 

To cite an extreme case, it is obvious that in an 
installation of luminaires incorporating three or 
four fluorescent lamps, say, with an 
louvred bottom and only comparatively 
diffusing side panels the balance between 


eggcrate 
small 
the 
quantities in the basic formula would be quite 
different, the aggregate value of w, for instance, 
being appreciably smaller for a given value of 
B, 

However, it that 
naires with an uncontrolled distribution represent 
the since the 
panels in the type of luminaire mentioned above 
are usually mainly decorative, conformity with 
luminance limits designed to luminaires 
with uncontrolled distribution presents no 
particular difficulty 

In the circumstances there does not seem any 
great practical advantage to be gained at this 
stage by increasing the number of tables beyond 
the two basic ones proposed 


must be remembered lumi- 


worst case; moreover, translucent 


suit 
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(3.6) Relation to the basic physical factors 

In practical lighting design it is by no means 
2asy to allow directly for the basic factors such as 
apparent size and position of the glare sources 
However, it appears possible to make adequate 
allowance for these factors by taking account of 
such readily available data as room size, mounting 
height and so on. Fig. 10 illustrates this point. 


(4) Measurement ‘of Luminance 


It is obvious that the practical success of any 
system of luminance limits depends on the avail- 
ability of luminance data on actual luminaires 
It is therefore vitally important to employ a 
method which, though sufficiently accurate, is 
yet sufficiently simple for any manufacturer to 
use. 

These considerations have governed the choice 
of method specified in the S.A.A. Code, which is 
essentially as follows : 

(a) The significant 
70 deg. to the downward vertical, and normal to 
the axis of the unit in the case of fluorescent, 01 
other horizontally elongated luminaires. 

(b) It is determined by measuring the mean 
candlepower in the specified direction and then 
dividing this by the projected area of etther the 
translucent luminous parts of the luminaire, if 
the lamps 
themselves, in the case of bare lamp units and 


luminance is measured at 


these provide adequate diffusion ; 0 


units incorporating materials providing inadequat« 
diffusion 

(c) Materials 
are defined as those which when viewed from the 


providing inadequate diffusion 
critical direction do not appreciably reduce th¢ 
maximum luminance of the luminaire below that 
of the lamp which it contains, i.e. material through 
which the outline of the lighted lamp ts discernible, 
or clear material with a figured surface which 
merely distorts the shape of the lamp behind it 

need 


they 


(d) Lighting equipment manufacturers 
not quote the precise luminance figure \ll 
state the 
in which the units belong 


the 


luminance group (A-H 
(See Fig. 11 


points are given 


have to do is 


Some notes on above 


below 


4.1) Direction of measurement 


Luminances at all angles of view between the 


horizontal and about 45 deg. below the horizontal 


are theoretically significant, but bearing in mind 
that we are only attempting an accuracy of about 
+20 per cent, a luminance reading in a single 
another 
this 


standard justifiable 
simplification 


follows 


direction is yet 


Some reasons for are as 
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Fig.10. Summary of the basic principles 
underlying the new luminance limit tables. 


Reducing ‘‘h’’ the mounting height above eye- 
level reduces the mean value of @. To prevent a 
consequent increase in glare, B, must therefore 
be reduced as well. Hence the tables set a lower 
luminance limit when “‘h’’ is reduced. 


Increasing the room dimensions increases the total 
value of w and also reduces the mean value of @. 
To balance this, B, must be reduced. Hence the 
tables set lower luminance limits in larger rooms 


The combined effect of mounting height and room 
size can be allowed for by expressing the room 
dimensions in terms of ‘‘h,’’ and in the tables the 
luminance limit is determined in this way. 


When elongated luminaires are viewed obliquely, 
w and B, are both reduced. Such units thus cause 
much less glare when viewed end-on rather than 
broadside-on. If desks, etc., can be so arranged 
that occupants normally view luminaires in this 
way, units of a given specified luminance can be 
used in larger rooms and at lower mounting 
heights than would otherwise be possible. The 
auxiliary table caters for this special case. 
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The changes in luminance (and apparent area) 
which occur when fluorescent units are viewed in 
azimuthal planes other than that normal to the 
lamp axis, can be estimated in advance and are 
in fact taken into account by the tables in Fig. 1. 
Moreover, in the plane normal to the axis of the 
lamp the luminance of the translucent luminous 
parts of ordinary well-designed luminaires does not 
usually alter very greatly throughout the critical 
zone, i.e. between the horizontal and about 
45 deg. below the horizontal. A single reading at 
20 deg. below the horizontal (i.e. somewhere about 
the middle of the significant zone) will therefore 
be sufficiently accurate in the majority of cases. 

One obvious exception is the translucent trough 
reflector unit with a shielding angle only slightly 
greater than 20 deg. However, this case is taken 
care of in the Australian code by specifying that 
luminaires employing both shielding and diffusion 
to control glare must also comply with the standard 
minimum shielding angle provisions. The trans- 
lucent trough reflector with a shielding angle 
of little more than 20 deg. consequently qualifies 
for factory use only, for which it is, of course, 
eminently suitable 


4.2) Average versus maximum luminance 

For a variety of reasons, it is preferable to base 
recommendations on average rather than maxi 
mum luminance. Not the least important of these 
is the comparative with which 
luminance can be estimated All that 


ease average 


is needed 


Candlepower at 70° (ly) 


The Significant Luminance Projected area (Ap) 


LOWSON 


is the relevant candlepower figure and a sample 
or drawing of the unit from which an estimate of 
the projected area of the diffusing media can be 
made. 

It is desirable to measurements on the 
projected area of the diffusing media only. This 
means that in the case of luminaires with trans 
lucent sides and opaque louvres below, the area 
of the latter will not be taken into account. Such 
surfaces are generally low in luminance (of the 
order of $ ‘cd/in*) and their projected area when 
viewed from the critical direction is so large that 
their inclusion might give a very low figure for 
the average luminance even though the translucent 
sides were virtually clear glass. 


base 


(4.3) Precautions against uneven luminance 

It should be noted that the average value of 
luminance calculated in this way will not mean 
very much if the so-called ‘‘ diffusing medium "’ is 
a glass or plastic so lightly etched that most of it 
is dark and only that part of it directly in front 
of the lamp is bright (see Fig. 12). Unfortunately, 
this is far from being an academic consideration 
very poor diffusing materials are all too often used 
and precautions must therefore be taken against 
them 

One method would be to lay down some maxi 
ratio 
average luminance, but 


mum ailowable between maximum and 


since the measurements 


must be made from a distance if they are to mean 


anything, this involves the use of photometri 








ni 





em — Nw DS 


4 or less 











Fig.11 Determining the luminance classifi- 
cation of a luminaire Measurements 
be made with new (100-hour) lamps in clean 


luminaires 


should 


Fig./2. Luminaire with inadequately diffus- 
ing side panels. This should be treated as a 
bare lamp luminaire 
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equipment which the majority of people have not 
got. It is necessary to employ a 
qualitative test based on the appearance of the 
diffusing material when the unit is viewed from 
the critical direction. 


therefore 


Experience has shown that 
a criterion of this kind can provide a much more 
definite method of distinguishing a good diffuser 
from a bad one than might at first be supposed 


(5) Conclusion 
Chere is unquestionable need for simple practical 
guidance on limits, and 


this need is far more acute nowadays than it was 


permissible luminance 
before the tubular fluorescent lamp was introduced 
rhe luminance of this type of light source is neither 
high enough to make it obviously glaring nor yet 
enough to make it 
Lack of simple 


low glare-free in all circum- 


stances rules indicating where 
the cheap, but treacherous, bare lamp unit can 
and cannot be safely used in working interiors is 
the principal 


design 


one of reasons why fluorescent 


lighting has been floundering along for 
some twenty years on a hit and miss basis—with, 
unfortunately, a high enough proportion of misses 
to have earned the fluorescent lamp itself a quite 
undeservedly bad reputation in many quarters 
One of the important advantages of the new 
tables, that 


designer some indication of 


therefore, is they give the lighting 
the 


legitimately 


how and where 


bare fluorescent lamp unit can be 


used, besides providing some useful guidance on 
how to minimise glare when laying out an installa 
tion 

It should be 
setting 


that the 
limits 
does not pretend to be a set ot 


noted new method of 
this papet 


rules 


luminance described in 
watertight 
covering every conceivable situation The method 
is simply intended as a guide to good practice in 
the 


majority of cases where diffusing luminaires 


or bare fluorescent general 
working interiors More 
over, it would be foolish to pretend that the tables 
in their like a 


designing for 


lamps are used for 


hghting purposes in 


present form are 
the problem of 
control or that they are 
to the 


luminance steps implies 


anything final 


answer to glare 
even necessarily accurate 


20 per cent or so which the spacing of the 


All that can be claimed is that since the tables 
make the important 
factors of room size and luminaire orientation and 


allowance for observably 
ire reasonably soundly based on the available 
laboratory data, they im- 
the old elementary table of 
luminance limits based on mounting height alone 

However, in the author’s opinion, the method 
that, 


are a_ substantial 


provement on 


does have one noteworthy advantage in 
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in spite of the subtlety which enables it to take 
into account all the above-mentioned factors, it 
is still simple enough for the practical man to use 
in his everyday work, thus opening the way for 
large-scale practical application of theoretical 
knowledge and speculation about glare, putting 
it to much more extensive test than is possible 
under laboratory conditions 

It in no way belittles the impressive amount of 
investigatory work that has already been done in 
this field to say that laboratory work alone cannot 
be expected to provide complete and detailed 
knowledge of glare for a long time to come. 
Intelligent practical applications of existing data 
is therefore likely to be of real help in showing up 
its strengths and 
lines of 


weaknesses and in suggesting 
fundamental investigation, thus 
helping to accelerate the coming of a satisfactory 


“breakthrough ”’ in this important field 


new 
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Appendix | 
Worked Example 


The following example indicates some of the 
ways in which the tables can help the designer to 
find a 
proposed arrangement fails to measure up to the 
standard laid down in the $.A.A 


more satisfactory alternative when a 


code 
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T=*2=7h tT! 


Limit: | cd/in? 


P.— 18=3h P= 1s 


Fig.13. 
a typical installation. 


Let us assume that an office 18 ft. 
to be lit with 
luminaires having a 
approaching 14} cd/in®. 
shown in Fig 
eye level is 6 ft. 

Here P= 18 ft. and T 

Since h =6 ft. 

P=3h and T=7 h. 

The relevant luminance limit 
intersection of the P=3h column and the T=7h 
row in the main table. The value is 1 cd/in®. 

Since the proposed 14 cd/in* units are above 
this limit the above-mentioned arrangements do 
not comply with the requirements of the code. 
However, there are ways of getting round this 
difficulty. 


42 ft. is 
enclosed diffusing 
significant luminance 
The proposed layout is 
13a, and mounting height above 


fluorescent 


42 ft 


is found at the 


For instance, if the mounting height can be 
raised to 7 ft., P and T will become 2.6h and 6h 
respectively. Under these circumstances the table 


Appendix 2 


Influence of Illumination Level on Discomfort 
Glare 


The effect of changes in illumination level upon 
the glare factor G calculated by the formula : 
BB.” .w™ 

B, 
depends largely upon the relative weight given to 
w and B,, i.e. on the relative size of exponents 
n and p. 


It will be seen that if the other factors remain 
constant an increase in the value of w (by increasing 
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Ga 


Limit : 





2.6h Pp.‘ 
6h T=18=3h 
I$ cd/in® Limit: 3 cd/in? 


Influence of luminaire orientation and mounting height on the recommended luminance limit i) 


permits the use of 1} cd/in? units. (Fig. 13b.) 


\ very much better way, however, would be to 
13c, thus 
that can b 
any time. In these 
circumstances P and T become 7h and 3h respe 

tively and the table permits the use of luminaires 
with a luminance of up to 3 cd/in? 
1} cd/in*® 


reorient the luminaires as shown in Fig 
reducing the number of 
seen 


luminaires 


broadside on at one 


The proposed 


will the limit 


thus be well 


give excellent glare control 


within and 


1] 


all occupants 


Moreover, if we can be sure that 
of the room will always work facing along it (a 
condition that frequently arises in offices lit by 
windows along one side) and will thus never 
any units broadside 


ann 
on when they raise thei 
eyes from their work, the auxiliary table can be 
used. Here, for P=7h and T=3h the limit is 
given as 6cd/in?. In other words bare fluorescent 
lamps could be used without exceeding the limits 
laid down in the code 


the number of luminaires) will produce an appr 


mately proportional increase in the value of B 
rhe question as to whether the value of glare 
factor G will fall (or remain the same 


when the illumination level is raised by introducing 


XI 


rise or 


more and more sources of the same luminance B 
will therefore depend on whether the exponent on 
B, is greater than, 
exponent on w 


than, o1 


less equal to the 

There is evidence to suggest that the glare does 
increase the illumination level 
rises, and though the measurements of Luckiesh 
and Guth (*) showed that Ward Harrison's assumed 
value of 0.6 for the 


somewhat when 


ratio */, is probably too 
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UE 


ing | 


Chart shou 
of different 
exponent vatio p 
yvange of illumination levels 
covered by a single luminance 
limit taken from a range in 
which each limit is 50 per cent 
cyealey than the below 1t. 


rw the 
] f #] 
vaiues Jor the 


in varies the 


one 


General level of illumination (Im ft?) 


4 


One luminance 
step higher (I+ B,) B, 


small, the value suggested (namely 0.88) is still 
less than 1. 

However, when employing a set of fixed lumi- 
nance limits each about 50 per cent greater than 
the preceding one, we must also examine the range 
of illumination values covered by any one of these 
fairly wide steps on the luminance limit scale, for 
as exponent p on B, approaches the value of 
exponent n on w (i.e. 1.0) the above-mentioned 
range of illumination values becomes wider and 
wider 

This point is illustrated in Fig. 14, where it is 
shown that if one particular value of B, gives 
exactly the chosen glare factor at an illumination 
level of 15 Im/ft?, the that °/,=—0.6 
will necessitate the use of a luminance limit one 
step lower than B, when the illumination level 
exceeds about 25 Im/ft* and the use of a limit one 
step higher than B, when the illumination level 
falls below about 10 Im/ft?. 

However, if 
mentioned 


assumption 


we above- 


0.88, the 
10-25 Im/ft? range enlarges to about 


ae » P 
assume ?/, 
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Ratio P/,= 
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0°88 0°60 


Luminance One luminance 


step lower (2 3 B,) 


3-70 lm/ft*. Since uniformly distributed general 
lighting in excess of 70 Im/ft* is seldom found 
necessary in this country, a correction factor for 
illumination level therefore seems an unjustifiable 
complication 


Appendix 3 
Practical Ways of Observing the Effects of Glare 


The connection between luminaire mounting 
height and the degree of glare produced has long 
been recognised, but lighting engineers are some- 
times reluctant to accept the idea that room size 
and luminaire orientation are no less important 
Experience has shown that doubts about this point 
can be easily removed by performance of a simple 
subjective test along the following lines 

Find a long, narrow room lit by fairly bright 
general diffusing incandescent luminaires or bare 
fluorescent lamps set at right angles to the length 
of the room; and stand at a point about 
quarter of the way along it as shown in Fig 


one 
15a 
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Fluorescent units 
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Fig.15 (above) To observe the w 
fluence of room size and luminaire 




















orientation on direct glare, stand at 
position marked im each case and 
compare the two views indicated by 
the arrows 


Fig.16 (left). If momentarily 
ing the eves from the luminaire 
produces an immediately perceptible 
wmprovement in either comfort o1 
visibility, this indicates the presence 
of a degree of glare likely to be 


shad 








By looking horizontally, first up, and then down, 
the room, the difference in glare can be readily 
detected. 

An even more striking result is obtained when the 
observer stands near one corner of a large room lit 
by parallel rows of fluorescent luminaires or, 
better still, bare fluorescent lamps (see Fig. 15b). 
The marked difference in glare when viewing the 
installation parallel to the and at right 
angles to them can then be readily detected 
Suitable installations can usually be found in 
large retail stores, and provided that the interiors 
are large enough and the luminaires bright enough 
to produce appreciable glare in the worst case, the 
experiment is a very convincing one. 

When the glare is less pronounced the following 
simple test will help to reveal it. (This test is 
also of help in deciding whether an office installa- 
tion is unduly bright.) From the working 
position, sight some object level with the eyes 
on the far side of the room and then momentarily 
shade the eyes from the luminaires (see Fig. 16). 
Any perceptible improvement in the visibility of 
the object produced by this manoeuvre is a fairly 
reliable indication of the presence of a degree of 
glare likely to be troublesome to people exposed 
to it continuously. This empirical test depends 
for its success on the fact that if discomfort glare 
in an artificial lighting installation is properly 
controlled, disability glare will be hardly per- 
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rows 


troublesome in any interior where 


visual tasks are critical and prolonged 


ceptible. Conversely, if there is observable dis 
ability glare (even though it is so slight as to be 
quite unimportant in itself) it usually indicates 
that there is enough discomfort glare to build up 


serious discomfort over a period 


The above-mentioned tests are of great help in 


oneself that the allowances made in 
the tables are in the right direction. Moreover a 
series of qualitative tests of this kind can be rapidly 
performed by anyone, once suitable installations 
have been found. Observations of this kind can 
also provide a quantitative check on the provi 
of the table this 
perienced observers must be used 


convincing 


sions However, in case ex- 

Since discomfort glare is cumulative in its effect 
(see Section 2.2) inexperienced people making a 
brief observation are apt to underrate the degree 
of glare present and to pronounce as “‘ comfort 
able ’’’ installations which likely to 
distinctly uncomfortable when one is exposed to 
the same conditions all day long 


are prove 
It was for this 
reason that experienced lighting engineers were 
used as observers in the field test referred to in 
Section 3.3 for whilst these individuals were not 
given any pre-instruction as to what they ought 
or ought not to 


their 
many years of experience enabled them to allow, 


consider comfortable, 


consciously or unconsciously, for the cumulative 
effect. 
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Average illumination on the vertical at any specified horizontal plane is calculated from its two 


component parts, that received directly and that received by interreflections 


The direct component 


is obtained from vertical distribution factors derived from vertical zonal multipliers which evaluate 


the effect on the vertical of the flux received from each zone at the level of the specified horizontal 


plane. 


Similarly using zonal multipliers for a continuous distribution, factors are calculated relating 


the interreflected illumination on the vertical to the final surface luminance 
Copies of the Monograph can be obtained from the Secretary, The I.E.S., 32 Victoria Street, London, 


S.W.1. price 5/-, by post 5/6d. 
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